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1.0  EXECUTIVE SUMMARY 
 

Five jet fuels were evaluated for mutagenic activity in the Salmonella typhimurium-

Escherichia coli/microsome plate incorporation assay.  The assay was performed using the 

plate incorporation procedure with S. typhimurium strains TA1535, TA1537, TA98, and TA100 

and E. coli strain WP2 (uvrA) in both the presence and absence of a metabolic activation (MA) 

mixture containing an Aroclor 1254 induced rat-liver S9. 

The range-finding experiment was conducted with the five test substances with strain 

TA100 over doses of 0.156, 0.313, 0.625, 1.25, 2.5, and 5 µl/plate (100 µl) in the presence and 

absence of MA containing five percent S9.  The first experiment for mutagenicity was conducted 

with the five tester strains in the presence and absence of MA containing five percent S9.  

Doses for R-8, R-8 from algae, Fischer Tropsch fuel S-8 (S-8), and Swedish Biofuel consisted of 

0.156, 0.313, 0.625, 1.25, 2.5, and 5 µl/plate.  Due to cytotoxicity observed in the range-finding 

experiment, doses for Amyris were lowered to 0.005, 0.01, 0.02, 0.039, 0.078, and 0.156 

µl/plate.  However, since only two nontoxic dose levels were achieved with strains TA1535 and 

TA98 in the absence of MA, this portion of the experiment was retested over lower doses 

ranging from 0.0013 to 0.039 µl/plate.  No statistically significant increase in the number of 

revertant colonies was observed with any of the test substances, except for a slight increase 

seen with S-8 and TA1535 in the presence of MA which was statistically significant (p < 0.01) by 

regression analysis; however, it was so slight it was not considered to be a mutagenic response 

or biologically relevant.  Cytotoxicity was only seen with Amyris and Swedish Biofuel under 

certain test conditions. 

In the second experiment for mutagenicity, dose levels for R-8, R-8 from algae, S-8 and 

Swedish Biofuel consisted of 0.156, 0.313, 0.625, 1.25, 2.5, and 5 µl/plate.  The doses for 

Amyris were 0.0013, 0.0025, 0.005, 0.01, 0.02, 0.039, and 0.078 µl/plate for the four Salmonella 

strains and 0.078, 0.156, 0.313, 0.625, 1.25, 2.5, and 5 µl/plate for the E. coli strain.  The test 

substances were evaluated with MA containing ten percent S9.  No statistically significant 

increase in the number of revertant colonies was observed with any of the test substances, 

except for a slight increase seen with R-8 and TA1537 in the absence of MA which was 

considered statistically significant (p < 0.01) by regression analysis; however, these increases 

were not reproducible and were not considered to be a mutagenic response or biologically 

relevant.  Cytotoxicity was only evident with Amyris and Swedish Biofuel under certain test 

conditions. 
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Amyris, R-8, R-8 from algae, Fischer Tropsch fuel S-8, and Swedish Biofuel were judged 

to be nonmutagenic under the test conditions used in this study; therefore, the test substances 

were determined to be negative in the bacterial reverse mutation assay. 
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2.0  INTRODUCTION 

 

The US Air Force is pursuing the development of alternative fuels to decrease 

dependence on foreign oil sources.  Alternative fuels need to be examined for potential hazards 

to Air Force personnel.  The 711 Human Performance Wing, Human Effectiveness Directorate, 

Biosciences and Performance Division, Applied Biotechnology Branch (711 HPW/RHPB) 

conducted a toxicology program for a Fischer Tropsch (FT) fuel (S-8), the first alternative jet fuel 

to be certified for use in the U.S. Air Force fleet.  The data from this first alternative fuel, as well 

as the database for JP-8 jet fuel, will be the baselines for comparing future bio-based alternative 

fuels.  There are already many bio-based jet fuels that need to be examined for potential toxicity 

as they undergo further development.  A toxicology research program for bio-based fuels was 

developed with mutagenicity testing as one of the primary studies to conduct.  Microbial 

mutagenicity assays are capable of rapidly detecting the mutagenic activity of many materials, 

including a wide range of chemical classes.  Many chemicals that elicit a mutagenic response in 

the Salmonella assay have been shown to be potentially mutagenic and carcinogenic to 

humans and laboratory animals (Zeiger, 1998).  One advantage of using the procedure with E. 

coli is that this strain has an A-T base-pair at the critical mutation site and thus is sensitive to 

some agents that are not detected by the Salmonella strains (Mortelmans and Riccio, 2000).  

Because microbial mutagenicity assays are short term, sensitive, and reliable tests for 

assessing mutagenic potential, their use for genotoxic evaluation of chemicals is appropriate 

(Mortelmans and Zeiger, 2000). 

The Salmonella tester strains have mutations in the histidine operon, a mutation that 

leads to a defective lipopolysaccharide coat (rfa), and a deletion that covers genes involved in 

the synthesis of the vitamin biotin and in the repair of ultraviolet (UV) induced DNA damage 

(uvrB).  The rfa mutation makes the strains more permeable to many large molecules, thereby 

increasing the mutagenic effect of these molecules.  The uvrB mutation renders the bacteria 

unable to use the accurate excision repair mechanism to remove certain chemically or 

physically damaged DNA and thereby enhances the strains' sensitivity to some mutagenic 

agents.  Strain TA1535 is reverted to histidine independence by many mutagens that cause 

base pair substitutions.  TA100 is derived from TA1535 by the introduction of the drug 

resistance transfer factor, plasmid pKM101.  This plasmid is believed to cause an increase in 

error prone DNA repair that leads to many more mutations for a given dose of most mutagens 

(McCann et al., 1975).  In addition, plasmid pKM101 confers resistance to the antibiotic 

ampicillin, which is a convenient marker for detecting the presence of the plasmid in the cell 
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(Mortelmans and Stocker, 1979).  The presence of this plasmid also makes strain TA100 

sensitive to some frameshift mutagens such as ICR 191.  Strains TA1537 and TA1538 are 

reverted by many frameshift mutagens.  Strain TA98 is derived from TA1538 by adding the 

plasmid pKM101, which makes it more sensitive to some mutagenic agents (Maron and Ames, 

1983; Mortelmans and Zeiger, 2000). 

 

The E. coli WP2 (uvrA) strain carries a mutation at the tryptophan allele, which is an 

auxotrophic mutation reverted by base pair substitution.  The strain is deficient in the repair of 

UV induced DNA damage (uvrA) (Bridges, 1972; Green and Muriel, 1976; Mortelmans and 

Riccio, 2000) and thus has enhanced sensitivity to some mutagenic agents. 

The objective of this study was to evaluate the ability of five bio-based fuels to induce 

genetic damage as detected by the Salmonella-E. coli microsome assay (Ames test).  The 

purpose of this study was to provide data relating to the test substance’s health effects, 

environmental effects, or environmental fate testing regulated by the U.S. Environmental 

Protection Agency (EPA).  This study, therefore, was conducted in compliance with 40 CFR Part 

792, Good Laboratory Practice Standards (GLP).  Testing procedures will be consistent with the 

Office of Prevention, Pesticides and Toxic Substances (OPPTS), Health Effects Test 

Guidelines, 870.5100 (U.S. EPA, 1988).  The protocol and amendments are presented in 

Appendix A. 

 

 

3.0  MATERIALS AND METHODS 

 

 

3.1  Indicator Organisms 

 

Two indicator organisms were used in this study.  Salmonella typhimurium LT2, strains 

TA1535, TA1537, TA98, and TA100, were obtained from Dr. Bruce Ames, University of 

California, Berkeley, CA.  Escherichia coli, strain WP2 (uvrA), were obtained from National 

Collection of Industrial and Marine Bacteria (NCIMB), Aberdeen, Scotland. 
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3.2  Test Fuels 

 

Test fuels were supplied by the sponsor, Air Force Research Laboratory, Wright-

Patterson Air Force Base, OH, and were reported by the sponsor to have purity greater than 99 

percent (Table 1).  The substances were all clear colorless liquids requiring storage conditions 

of 19°–26°C.  GLP–compliant characterization was not provided by the Sponsor. 

 

 

 

Table 1.  Test fuel names and lot numbers 

Fuel Lot #s 

Amyris   POSF5630 
R-8   POSF5469 
R-8 from Algae (Syntroleum/ Sapphire) POSF5804 
Swedish Biofuel   POSF5668 
Fischer Tropsch (FT) fuel S-8   POSF4734 

 

 

 

3.3  Dose Level Selection 

 

The test substance and dose formulations were handled with the use of eye protection, 

gloves, and a protective smock or laboratory coat.  A range-finding experiment was conducted 

with the test substances to determine a suitable dose range for the mutagenicity experiments.  It 

was performed with Salmonella tester strain TA100, in the presence and absence of a metabolic 

activation mixture containing five percent (volume/volume) Aroclor 1254-induced rat-liver S9, 

using three plates per dose level.  The highest dose level used in the range-finding experiment 

was 5 µl/plate, the recommended maximum test concentration.  Dose solutions for the range-

finding experiment with all five test substances were achieved by preparing a 0.05 ml/ml (5 

µl/plate, 100 µl dosing volume) stock solution and serially diluting to obtain doses of 0.156, 

0.313, 0.625, 1.25, and 2.5 µl/plate.   

For the mutagenicity experiments the test substance was assessed in two independent 

experiments using five tester strains in the presence and absence of metabolic activation, with 

three plates per dose level.  Dose selection for the mutagenicity experiments was made to 

assess the potential dose-response relationship and contain at least three nontoxic dose levels.  

All compounds were initially tested with and without five percent (volume/volume) S9 in the 
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metabolic activation system.  Amyris was tested at doses of 0.005, 0.01, 0.02, 0.039, 0.078, and 

0.156 µl/plate and retested with strains TA1535 and TA98 in the absence of metabolic activation 

at 0.0013, 0.0025, 0.005, 0.01, 0.02, and 0.039 µl/plate.  All other compounds (R-8, R-8 from 

algae, Fischer Tropsch fuel S-8, and Swedish Biofuel) were tested at doses of 0.156, 0.313, 

0.625, 1.25, 2.5, and 5 µl/plate.   

In the second experiment for mutagenicity, all compounds were tested with and without 

10 percent (volume/volume) S9 in the metabolic activation system.  Amyris was tested at doses 

of 0.0013, 0.0025, 0.005, 0.01, 0.02, 0.039, and 0.078 µl/plate for the Salmonella strains, and at 

0.078, 0.156, 0.313, 0.625, 1.25, 2.5, and 5 µl/plate for the strain WP2(uvrA).  All other 

compounds (R-8, R-8 from algae, S-8, and Swedish Biofuel) were tested at dose levels 0.156, 

0.313, 0.625, 1.25, 2.5, and 5 µl/plate. 

Test fuels were dissolved in dimethyl sulfoxide (DMSO, CAS No. 67-68-5).  The solvent 

was purchased from Mallinckrodt Chemicals (Phillipsburg, NJ, lot numbers E32H05 (range-

finding experiment) and H41J06 (mutagenicity experiments).  DMSO is a clear, colorless liquid 

that was stored at 18°–25°C (E32H05) or 20°–24°C (H41J06).  Characterization of the solvent 

was obtained from the manufacturer’s Certificate of Analysis (CofA), which is included in 

Appendix B.   

An aliquot of each test substance was added to DMSO to make a 0.05 ml/ml stock 

solution for the range-finding experiment.  For the first mutagenicity experiment, a stock solution 

of 0.05 ml/ml was prepared for all test substances except Amyris, which was made at 0.00625 

ml/ml.  All test substances for the second mutagenicity were prepared at a stock concentration 

of 0.05 ml/ml.  Each stock concentration was mixed on a vortex mixer for three times 30 

seconds.  In each of the experiments, serial dilutions were made from the initial stock solution 

and vortexed for 30 seconds between dilutions.  Dose formulations were prepared at room 

temperature, under yellow light, and used on the day they were prepared.  Unused dose 

formulations, not reserved for dose concentration analysis, were discarded immediately after 

use in the test system. 

 

 

3.4  Positive Controls 

 

Positive control substances are genotoxic in specific Salmonella strains.  The positive 

control chemicals that are genotoxic without activation and the strains on which they are used 

are listed in Table 2.  The positive control chemical that required activation is indicated in Table 
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3.  Characterization of each positive control article was obtained from the manufacturer’s CofA, 

which is included in Appendix B. 

Positive controls also were dissolved DMSO from the same supplier.  The lot numbers 

differed slightly from the DMSO used to dilute the test fuels; lot number E32H08 was used for 

the range-finding experiment and lot number H41J06 was used in the mutagenicity experiments.   

 

 

 

Table 2.  Positive control substances without activation 

 Sodium azide 9 Aminoacridine 
hydrochloride 

hydrate 

2-Nitrofluorene 4-Nitroquinoline 
N-oxide 

Strain(s) TA1535, TA100 TA1537 TA98 WP2 (uvrA) 
CAS No. 26628-22-8 52417-22-8 607-57-8 56-57-5 
Manufacturer Sigma-Aldrich Corp. (St. Louis, MO) 
Lot No. 098K0052 07620TD S43858 039K1332 
Physical 
Description 

White powder Yellow powder Dull yellow 
powder 

Yellow powder 

Storage 
Conditions 

19°–24°C 19°–24°C 19°–24°C –21° to –17°C 

Dose/Plate 5 µg/50 µl 50 µg/50 µl 5 µg/50 µl 2.5 µg/50 µl 
 

 

 

Table 3.  Positive control substance with activation 

Name 2-Anthramine (2-Aminoanthracene) 
CAS No. 613-13-8 
Manufacturer Sigma-Aldrich Corp. (St. Louis, MO) 
Lot No. 12317CE  
Physical 
Description 

Green gold powder 

Storage 
Conditions 

19°–24°C 

Strain(s) TA98, TA100 TA1535, TA1537 WP2 (uvrA) 
Dose/Plate 2 µg/50 µl 4 µg/50 µl 20 µg/50 µl 
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3.5  Cytotoxicity Assessments 

 

The indicator strains were kept frozen at -80ºC in nutrient broth supplemented with 10 

percent sterile glycerol.  New frozen stock cultures were made from single colony isolates.  

Cultures were inoculated into 50 ml Oxoid Nutrient Broth No. 2 (CM 67) and allowed to sit 

unshaken for 2 to 4 hours, then gently shaken (125 rpm) for 12 hours at 37ºC.   

The metabolic activator, Aroclor 1254-induced rat liver homogenate preparation (S9), 

was purchased from Molecular Toxicology, Inc., Boone, NC.  Lot No. 2447 (37.3 mg/ml protein) 

was used for the range-finding and the 1st mutagenicity experiments, while Lot No. 2565 (33.9 

mg/ml protein) was used for the 2nd mutagenicity experiment.  Liver enzymes are induced by 

injecting adult male Sprague Dawley rats with Aroclor 1254 (500 mg/kg) 5 days before they are 

sacrificed.  The S9 consists of 9000 × g supernatant of liver homogenized in KCl (1 g wet weight 

of liver to 3 ml of 0.154M KCl).  For quality control purposes, dilutions from each lot of S9, 

ranging from 0.2 to 10 percent in S9 mix, were tested for their ability to activate benzo(a)pyrene 

and 2-aminoanthracene to intermediates mutagenic to TA100 prior to product release.  The 

metabolic activation mixture (Ames et al., 1975; Maron and Ames, 1983) for the experiment(s) 

consisted of the components and amounts shown in Table 4. 

 

 

 

Table 4.  Preparation of metabolic activation mixture for 50 ml 

Ingredient 5% S9 Mix (ml) 10% S9 Mix (ml) 
Rat liver S9 (Aroclor 1254-induced) 2.5 5.0 
MgCl2 (0.4 M) and KCl (1.65 M) salts 1.0 1.0 
Glucose-6-phosphate (1 M) 0.25 0.25 
NADP (0.1 M) 2.0 2.0 
Sodium phosphate buffer (0.2 M, pH 7.4) 25.0 25.0 
Sterile distilled water 19.25 16.75 

 

 

 

Plates were labeled with indelible ink to identify the test substance, the strain, the dose 

level, and the presence or absence of the metabolic activation system.  The following 

ingredients were added to a sterile 13 × 100 mm test tube: (1) 2 ml of molten top agar; (2) 0.1 

ml of indicator organisms (about 108 bacteria); (3) appropriate amount of the test substance, 

and (4) 0.5 ml of metabolic activation mixture or buffer.  The test tube was placed in a 43C 
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heating block.  This mixture was stirred gently and then poured onto plates containing about 25 

ml of minimal glucose agar (for WP2 (uvrA), the plates were supplemented with a trace of Oxoid 

nutrient broth).  After the top agar had set, the plates were incubated at approximately 37C for 

about 48 hours.  The revertant colonies were counted after the incubation period; however, if 

the plates could not be immediately evaluated, they were refrigerated at approximately 4C for 

one day until they could be counted. 

Concurrent sterility, solvent, and positive controls were performed with each experiment.  

Sterility controls included separately plating out each test substance, metabolic activation 

mixture, and buffer.  Solvent controls were performed for the positive controls and consisted of 

top agar, bacteria, metabolic activation mixture or buffer, and 50 µl DMSO, the solvent used to 

dissolve the positive control substances.  The solvent control for the test substance, referred to 

as the zero dose, consisted of top agar, bacteria, metabolic activation mixture or buffer, and the 

solvent/diluent for the test substance.  Positive controls were performed with each strain and 

consisted of top agar, bacteria, metabolic activation mixture or buffer, and 50 µl of the positive 

control substance. 

The strains are analyzed for their genetic markers and for the presence of the plasmid 

whenever experiments are performed.  The test plates were compared with the control plates 

for their revertant count and for the condition of the background bacterial lawn.  Toxicity was 

estimated by several parameters: a substantial decrease in the number of revertant colonies on 

the test plates, clearing or absence of the background bacterial lawn growth, or formation of 

pinpoint nonrevertant colonies. 

The revertant colonies were counted using an automated colony counter, when possible, 

to control bias.  When accurate counts could not be obtained (e.g., because of precipitation on 

the plates), the colonies were counted manually using an electric probe colony counter.  Data 

were collected using the Sorcerer Image Analysis System (version 2.2), and the Ames Study 

Manager (version 1.21), made by Perceptive Instruments (Suffolk, England).  Counts from the 

automated colony counter were compared to manual counts prior to collecting data.  A complete 

system calibration is performed annually. 

 

 

3.6  Evaluation of Data 

 

An experiment is considered valid when solvent controls are within  10 percent of 

historical limits for spontaneous revertants, when positive control mutagens elicit a positive 



10 
 
Distribution A:  Approved for public release; distribution unlimited.  PA pending approval. 

response ( 5-fold increase over the mean value for the solvent for the respective strain), and 

when there are at least three nontoxic dose levels (mutagenicity experiments).  When 

experimental plates and sterility control plates indicate gross contamination, the results are not 

considered valid and the experiment is repeated.  In addition, whenever experiments are 

performed, the strains are analyzed to confirm their genetic markers and the presence of the 

plasmid.  If anomalies exist, the experiment is repeated. 

The following criteria were used as guidelines for the interpretation of the data; however, 

the conclusions of the study were based upon the Study Director's evaluation and interpretation 

of the data.  A test substance is considered a mutagen when a reproducible and statistically 

significant (p < 0.01) increase is observed at one or more dose levels.  A statistically significant 

(p < 0.01) dose-related increase in the number of revertants is also considered a positive 

response.  A test substance is considered a nonmutagen when the values for the dose levels 

are not reproducible or significant or when there is no statistically significant dose-related 

increase in the number of revertants.  When a test substance cannot be identified clearly as a 

mutagen or nonmutagen, the results are classified as inconclusive. 

 

 

3.7  Statistical Methods 

 

The following statistical methods were used to evaluate the data.  (1) Means and 

standard deviation were calculated from the individual plate counts; (2) Levene's test (Levene, 

1960) was performed to determine if a significant difference exists among treatment variances; 

(3) treatments were compared with controls by using a one-tailed Dunnett's t-test (Dunnett, 

1980) and within-levels pooled variance; and (4) evaluation of dose-relatedness for all 

treatments was made by regression analysis (Draper and Smith, 1981) of revertant counts 

versus the log of the concentrations (to allow inclusion of the zero dose, 1 was added to the 

dose before calculating the log).  The significance of the regression was tested using a t-

statistic.  The statistical analyses were performed using the SAS analysis system: the data read 

into the SAS program version 9.1 and then the statistical analysis was run by version 6.12, 

using an Intel Centrino computer. 
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3.8  Regulatory Compliance 

 

This study was conducted in compliance with 40 CFR Part 792, GLP standards, with the 

exceptions that the characterization of the test substances (identity, purity, and stability) and the 

supporting analytical chemistry of the dose formulations were not provided to the testing facility 

as this testing was not performed by the Sponsor nor the testing facility. 

The protocol was amended on 12 March 2010 (Amendment No. 1) to specify the dose 

levels for the first experiment for mutagenicity, on 22 March 2010 (Amendment No. 2) to 

establish at least three nontoxic dose levels for Amyris with strains TA1535 and TA98 without 

metabolic activation, and on 29 March 2010 (Amendment No. 3) to specify the dose levels and 

S9 concentration to be used in the second experiment for mutagenicity. 

All raw data, the original protocol and final report, relevant documents, and records 

specific to this study are the property of the Sponsor and will be stored at SRI International, 333 

Ravenswood Avenue, Menlo Park, CA 94025.  All records will be maintained for at least 10 

years.  At the end of the retention period, the Sponsor will be contacted regarding further 

disposition of these records.  Wet specimens (e.g., colonies in agar) and samples of the control 

articles are not required to be retained. 

 

 

4.0  RESULTS AND DISCUSSION 

 

The presence of the appropriate genetic characteristics was verified for the strains used 

in this study.  The results of the controls were acceptable for all experiments (see historical 

values in Appendix C) as well as the results of the sterility controls (metabolic activation mix, 

buffer, and a dilution of the test substance).  There were an adequate number of nontoxic dose 

levels in the mutagenicity experiments to evaluate the test substance.  Therefore, the criteria for 

a valid assay were met. 

 

 

4.1  Range Finding Experiment 

 

The range-finding experiment was performed with the five test substances using strain 

TA100 at doses representing 0.156, 0.313, 0.625, 1.25, 2.5, and 5 µl/plate (100 µl dosing 

volume) in the presence and absence of a metabolic activation system (MA) containing 5 
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percent S9.  The dose formulations at 5 µl/plate for all the test substances appeared to be 

slightly hazy when prepared.  When the 5 µl/plate formulation of R-8 from algae was added to 

the test system, a slight precipitate was seen in the tubes and following the two-day incubation 

period, oil-like droplets were seen on the plates in the presence and absence of MA.   

No precipitate was seen on the plates with the other test substances.  No dose-related 

increase in the number of revertant colonies was seen with any of the test substances (see 

Appendix D). 

Cytotoxicity, evident by a decrease in revertant counts, thinning of the background lawn, 

or the complete absence of revertant counts, was seen with Amyris at all doses in the presence 

and absence of MA, and with Swedish Biofuel at 5 µl/plate in the presence and absence of MA.  

All other compounds (R-8, R-8 from algae, and S-8) exhibited no signs of cytotoxicity. 

 

 

4.2  Mutagenicity Experiments 

 

The first experiment for mutagenicity was conducted with all five tester strains in the 

presence and absence of MA containing 5 percent S9.  R-8, R-8 from algae, S-8, and Swedish 

Biofuel were tested at doses representing 0.156, 0.313, 0.625, 1.25, 2.5, and 5 µl/plate.  Due to 

the cytotoxicity observed in the range finding experiment with Amyris, doses were lowered to 

0.005, 0.01, 0.02, 0.039, 0.078, and 0.156 µl/plate.  The dose formulations at 5 µl/plate 

appeared to be slightly hazy/cloudy when prepared.  When the 5 µl/plate formulation of R-8 from 

algae was added to the test system, a slight precipitate was seen in the tubes and following the 

two-day incubation period, oil-like droplets were seen on the plates in the presence and 

absence of MA.  Amyris dose formulations were clear and colorless at the highest 

concentration.  When Amyris was initially tested with strains TA1535 and TA98 in the absence 

of MA, only two dose levels (0.005 and 0.01 µl/plate) did not exhibit cytotoxicity (data not 

shown); therefore, this portion of the experiment was considered invalid and retested at 0.0013, 

0.0025, 0.005, 0.01, 0.02, and 0.039 µl/plate in an effort to establish at least three nontoxic dose 

levels.  The statistical analyses for the experiment are presented in Tables 5 through 9.  

Individual and mean plate counts are presented in Appendix E (Amyris, R-8, and Swedish 

Biofuel) and Appendix F (R-8 from algae and S-8).   

No statistically significant increase in the number of revertant colonies was observed 

with any of the test substances, except for a slight increase seen with S-8 and TA1535 in the 

presence of MA which was statistically significant (p < 0.01) by regression analysis.  Because 
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this increase was so slight, at its highest point <2-fold, and within the historical range for the 

strain, it was not considered to be a mutagenic response or biologically relevant.  Cytotoxicity 

was evident by decreased revertant colony counts, thinning of the background lawn, and/or the 

appearance of pinpoint nonrevertant colonies.  Cytotoxicity was seen with Amyris at doses 

≥0.02 µl/plate (TA1535, -MA; TA98, -MA), ≥ 0.039 µl/plate (TA1535, +MA; TA1537, -/+MA; 

TA100, -/+MA), and ≥0.078 µl/plate (TA98, +MA).  Cytotoxicity was seen with Swedish Biofuel 

at ≥2.5 µl/plate (TA1537, +MA) and at 5 µl/plate (TA1535, -/+MA; TA1537, -MA; TA98, -/+MA; 

TA100, -/+MA; WP2 (uvrA) -/+MA).  No other signs of cytotoxicity were observed with the 

remaining test substances. 
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Table 5.  Statistical analysis of the first mutagenicity experiment with Amyris 
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Table 6.  Statistical analysis of the first mutagenicity experiment with R-8 
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Table 7.  Statistical analysis of the first mutagenicity experiment with R-8 from algae 
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Table 8.  Statistical analysis of the first mutagenicity experiment with S-8  
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Table 9.  Statistical analysis of the first mutagenicity experiment with Swedish Biofuel  

 

 

 
 

 

 

In the second experiment for mutagenicity, the dose levels for R-8, R-8 from algae, S-8, 

and Swedish Biofuel were 0.156, 0.313, 0.625, 1.25, 2.5, and 5 µl/plate.  Based on the results of 

the first experiment, the dose levels for Amyris were expanded in order to assess potential 
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mutagenicity and attempt to reach a cytotoxic dose with WP2 (uvrA).  Therefore, dose levels 

ranged from 0.0013, 0.0025, 0.005, 0.01, 0.02, 0.039 and 0.078 µl/plate for the Salmonella 

strains (TA1535, TA1537, TA98, and TA100) and increased to 0.078, 0.156, 0.313, 0.625, 1.25, 

2.5, and 5 µl/plate for the strain WP2 (uvrA).  All testing was performed in the presence and 

absence of MA containing 10 percent S9.  The dose formulations at 5 µl/plate appeared to be 

slightly hazy/cloudy when prepared.  The statistical analyses for the experiment are presented 

in Tables 10 through 14.  Individual and mean plate counts are presented in Appendix G.  No 

statistically significant increase in the number of revertant colonies was observed with any of the 

test substances, except for a slight increase seen with R-8 and TA1537 in the absence of MA 

which was considered statistically significant (p < 0.01).  Because this increase was so slight, at 

its highest point <2-fold, within the historical range for the strain, and not reproducible, it was not 

considered to be a mutagenic response or biologically relevant.  Cytotoxicity was evident by 

decreased revertant colony counts and/or thinning of the background lawn.  Cytotoxicity was 

seen with Amyris at doses ≥0.02 µl/plate (TA1535, -MA; TA98,-MA), ≥0.039 µl/plate (TA1535, 

+MA; TA1537, -/+MA; TA98, +MA; TA100, -MA), ≥0.078 µl/plate (TA100, +MA), and 5 µl/plate 

(WP2 (uvrA), -MA).  Cytotoxicity was seen with Swedish Biofuel at ≥2.5 µl/plate (TA1537, +MA) 

and at 5 µl/plate (TA1535, -/+MA; TA1537, -MA; TA98, -/+MA; TA100, -/+MA; WP2 (uvrA) 

-/+MA).  No other signs of cytotoxicity were observed with the remaining test substances. 
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Table 10.  Statistical analysis of the first mutagenicity experiment with Amyris 
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Table 10 (continued).  Statistical analysis of the first mutagenicity experiment with 

Amyris 
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Table 11.  Statistical analysis of the second mutagenicity experiment with R-8 
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Table 12.  Statistical analysis of the first mutagenicity experiment with R-8 from algae 
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Table 13.  Statistical analysis of the first mutagenicity experiment with S-8 
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Table 14.  Statistical analysis of the first mutagenicity experiment with Swedish Biofuel 
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5.0  CONCLUSION 

 

Amyris, R-8, R-8 from algae, Fischer Tropsch fuel S-8, and Swedish Biofuel were judged 

to be nonmutagenic under the test conditions used in this study; therefore, the test substances 

were determined to be negative in the bacterial reverse mutation assay. 
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EVALUATION OF FIVE JET FUELS IN THE SALMONELLA-ESCHERICHIA 
COLI/MICROSOME PLATE INCORPORATION ASSAY 
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V. OBJECTIVE AND PURPOSE OF STUDY  
 
The objective of this study is to evaluate the ability of five bio-based jet fuels to induce 
genetic damage as detected by the Salmonella-E. coli/microsome assay. 

 
The purpose of this study is to provide data relating to the test substance’s health effects, 
environmental effects, or environmental fate testing regulated by the U.S. Environmental 
Protection Agency (EPA).  This study, therefore, will be conducted in compliance with 
40 CFR Part 792, Good Laboratory Practice Standards (GLP).  Testing procedures will 
be consistent with the Office of Prevention, Pesticides and Toxic Substances (OPPTS), 
Health Effects Test Guidelines, 870.5100. 

 
 
VI. MATERIALS AND METHODS 
 
 A. Experimental Design 
 

Route of Administration:  Dissolved/diluted test article added to agar containing 
test system. 
 
Reason for Route:  Standard route to administer test article to test system for 
genotoxic evaluation of chemicals. 

 
Design.  A range-finding experiment will be conducted with the test substances to 
determine a suitable dose range for the mutagenicity experiments.  The range-
finding experiment will be performed with Salmonella tester strain TA100, in 
presence and absence of a rat-liver metabolic activation system (S9), using three 
plates per dose level, over a wide range of doses.  For the mutagenicity 
experiments, the test substances will be assessed in two experiments using five 
tester strains in the presence and in the absence of metabolic activation, with three 
plates per dose level over at least five dose levels (to be added by protocol 
amendment).  The test substances will initially be tested with 5% (v/v) S9 in the 
S9 mix.  If no clear dose-related increase in the number of revertant colonies is 
observed with a test substance, a 10% (v/v) S9 mix will be used in the repeat 
experiment.  If a mutagenic response is obtained with a test substance in the initial 
experiment with the 5% S9 mix, the assay will be repeated under the same 
conditions. 

 
Justification of Dose Levels Selected.  The highest dose level to be used in the 
range-finding experiment will be based on solubility or a dose representing 5 
µl/plate.  Dose selection for the mutagenicity experiments will be made to (1) 
assess a potential dose-response relationship, (2) include at least one dose that 
exhibits toxicity, or if a toxic level cannot be achieved, (3) contain a high dose of 
5 µl/plate, the recommended maximum test concentration for a soluble 
noncytotoxic test substance.  
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Cytotoxicity Assessment.  The test plates will be compared with the control 
plates for their revertant count and for the condition of the background bacterial 
lawn.  Toxicity is estimated by several parameters: a substantial decrease in the 
number of revertant colonies on the test plates, clearing or absence of the 
background bacterial lawn growth, or formation of pinpoint nonrevertant 
colonies.  

 
Endpoints Evaluated.  The actual numbers of revertant colonies observed on the 
plates and the condition of the bacterial lawn growth. 

 
 B. Test and Control Substances 
 
 1. Test Substances: 
  Names / Lot Nos.: 1) R-8 / POSF5469 

2) Amyris / POSF5630 
3) Swedish Biofuel / POSF5668 
4) R-8 from Algae (Syntroleum/Sapphire) / 
POSF5804 
5) Fischer Tropsch (FT) fuel S-8 / POSF4734 

  Supplier: Air Force Research Laboratory 
  Purity: Reported by Sponsor to be greater than 99% 
  Physical Descriptions: To be specified in the final report 
  Storage Conditions: Store at room temperature, 15° to 30°C.  Keep 

containers closed tightly.  Use and store these 
materials in cool, dry, well-ventilated areas away 
from heat, direct sunlight, hot metal surfaces and all 
sources of ignition. 

 
  Characterization of Characterization, identity, purity, and  

  Test Substances: stability of the test substances will be the 
responsibility of the Sponsor and this information 
will not be contained in the final report. 

 
 Solvent 
 Name:  Dimethyl sulfoxide (DMSO) 

  CAS No.: 67-68-5 
  Manufacturer: To be specified in the final report 
  Lot No.: To be specified in the final report 
  Physical Description: Clear, colorless liquid 
  Storage Conditions: Room temperature, 15° to 30°C 
 
  Characterization of Characterization of the solvent will be  
  Solvent: obtained from the manufacturer's Certificate of 

Analysis. 
  Preparation of Dose An aliquot of the test substance will be prepared in  



32 
 
Distribution A:  Approved for public release; distribution unlimited.  PA pending approval. 

  Formulations: the solvent at a maximum concentration of 0.1 
ml/ml.  If the test substance is not soluble, it will be 
gradually diluted until solubility is achieved.  Once 
the stock concentration is prepared, serial dilution 
will be made from the initial stock.  All dose 
formulations will be prepared at room temperature 
and mixed thoroughly on a mixing device (at least 5 
seconds) to ensure homogeneity and adequate 
solubility.  Unless otherwise specified, dose 
formulations not used on the day of preparation will 
be stored refrigerated and protected from light.  
They will be brought to room temperature prior to 
exposure to the test system. 

 
  Characterization of Assays to verify the stability, homogeneity, and  
  Dose Formulations: concentration of each test substance in the vehicle 

will be the responsibility of the Sponsor and will 
not be contained in the final report. 

 
  Disposition: Unused bulk test substance will be returned to the 

Sponsor.  Unused dose formulations, not reserved 
for dose concentration analysis, will be discarded 
immediately after use in the test system.  

 
  Test Substance The test substances and dose formulations will be  
  Handling: handled with the use of eye protection, gloves, and 

a protective smock or laboratory coat. 
 
  Positive Controls without Activation 
  For Strains TA1535 & TA100: Sodium azide 
  CAS No.:  26628-22-8 
  Manufacturer:  To be specified in the final report 
  Lot No.:  To be specified in the final report 
  Physical Description:  To be specified in the final report 
  Storage Conditions:  Room temperature, 15° to 30°C  
  Dose/Plate:  5 µg/50 µl 
 
  For Strain TA1537:  9-Aminoacridine hydrochloride 
  CAS No.:  52417-22-8 
  Manufacturer:  To be specified in the final report 
  Lot No.:  To be specified in the final report 
  Physical Description:  To be specified in the final report 
  Storage Conditions:  Room temperature, 15° to 30°C 
  Dose/Plate:  50 µg/50 µl 
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  For Strain TA98:  2-Nitrofluorene 
  CAS No.:  607-57-8 
  Manufacturer:  To be specified in the final report 
  Lot No.:  To be specified in the final report 
  Physical Description:  To be specified in the final report 
  Storage Conditions:  Room temperature, 15° to 30°C 
  Dose/Plate:  5 µg/50 µl  
 
  For Strain WP2 (uvrA):  4-Nitroquinoline N-oxide 
  CAS No.:  56-57-5 
  Manufacturer:  To be specified in the final report 
  Lot No.:  To be specified in the final report 
  Physical Description:  To be specified in the final report 
  Storage Conditions:  Frozen, −20° to −10°C 
  Dose/Plate:  2.5 µg/50 µl  
 
  Positive Control with Activation 
  Name:   2-Anthramine (2-Aminoanthracene) 
  CAS No.:  613-13-8 
  Manufacturer:  To be specified in the final report 
  Lot No.:  To be specified in the final report 
  Physical Description:  To be specified in the final report 
  Storage Conditions:  Room temperature, 15° to 30°C 
  Dose/Plate:  2 µg/50 µl (TA98, TA100), 4 µg/50 µl 
     (TA1535, TA1537) & 20 µg/50 µl 
     (WP2 (uvrA)) in the presence of activation 
  Characterization  Characterization of each positive control  
  of Positive Controls:  substance will be obtained from the 

manufacturer’s Certificate of Analysis. 
 
  Solvent for the Positive Controls 
  Name:   Dimethyl sulfoxide (DMSO) 
  CAS No.:  67-68-5 
  Manufacturer:  To be specified in the final report 
  Lot No.:  To be specified in the final report 
  Physical Description:  Clear, colorless liquid 
  Storage Conditions:  Room temperature, 15° to 30°C 
 
  Characterization  Characterization of the solvent will be  
  of Solvent:  obtained from the manufacturer's Certificate 

of Analysis. 
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 C. Test System 
 
  Test System Justification.  Microbial mutagenicity assays are capable of rapidly 

detecting the mutagenic activity of many materials, including a wide range of 
chemical classes.  Many chemicals that elicit a mutagenic response in the 
Salmonella assay have been shown to be potentially mutagenic and carcinogenic 
to humans and laboratory animals.  One advantage of using the procedure with E. 

coli is that this strain has an A-T base-pair at the critical mutation site and thus is 
sensitive to some agents that are not detected by the Salmonella strains.  Because 
microbial mutagenicity assays are short-term, sensitive, and reliable tests for 
assessing mutagenic potential, their use for genotoxic evaluation of chemicals is 
appropriate. 

 
  Indicator Organisms 
    Species: Salmonella typhimurium LT2 
    Strains: TA1535, TA1537, TA98, and TA100  
    Source: Dr. Bruce Ames, University of California, Berkeley 
 
    Species: Escherichia coli 
    Strain: WP2 (uvrA) 
    Source: National Collection of Industrial and Marine 
    Bacteria (NCIMB), Aberdeen, Scotland 
 
  Description of the Strains.  The Salmonella tester strains have mutations in the 

histidine operon, a mutation that leads to a defective lipopolysaccharide coat (rfa), 
and a deletion that covers genes involved in the synthesis of the vitamin biotin 
and in the repair of ultraviolet (UV)-induced DNA damage (uvrB).  The rfa 
mutation makes the strains more permeable to many large molecules, thereby 
increasing the mutagenic effect of these molecules.  The uvrB mutation renders 
the bacteria unable to use the accurate excision repair mechanism to remove 
certain chemically or physically damaged DNA and thereby enhances the strains' 
sensitivity to some mutagenic agents.  Strain TA1535 is reverted to histidine 
independence by many mutagens that cause base-pair substitutions.  TA100 is 
derived from TA1535 by the introduction of the drug resistance transfer factor, 
plasmid pKM101.  This plasmid is believed to cause an increase in error-prone 
DNA repair that leads to many more mutations for a given dose of most mutagens 
(McCann et al., 1975).  In addition, plasmid pKM101 confers resistance to the 
antibiotic ampicillin, which is a convenient marker for detecting the presence of 
the plasmid in the cell (Mortelmans and Stocker, 1979).  The presence of this 
plasmid also makes strain TA100 sensitive to some frameshift mutagens such as 
ICR-191.  Strains TA1537 and TA1538 are reverted by many frameshift 
mutagens.  Strain TA98 is derived from TA1538 by adding the plasmid pKM101, 
which makes it more sensitive to some mutagenic agents (Maron and Ames, 
1983; Mortelmans and Zeiger, 2000). 
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  The E. coli WP2 (uvrA) strain carries a mutation at the tryptophan allele, which is 
an auxotrophic mutation reverted by base-pair substitution.  The strain is deficient 
in the repair of UV-induced DNA damage (uvrA) (Bridges, 1972; Green and 
Muriel, 1976; Mortelmans and Riccio, 2000) and thus has enhanced sensitivity to 
some mutagenic agents.  

 
  Test System Identification: The strains are analyzed for their genetic markers 

and for the presence of the plasmid whenever 
experiments are performed.  

 
  Culture Conditions: The indicator strains are kept frozen at -80C in 

nutrient broth supplemented with 10% sterile 
glycerol.  New frozen stock cultures are made from 
single colony isolates.  Cultures are inoculated into 
50 ml Oxoid Nutrient Broth No. 2 (CM 67) and 
allowed to sit unshaken for 2 to 4 hours, then gently 
shaken (100 to 125 rpm) for about 11 to 14 hours at 
37C. 

 
  Identification: Plates are labeled with indelible ink to identify the 

test substance, the strain, the dose level, and the 
presence or absence of the metabolic activation 
system. 

 
  Metabolic Activation 
  Supplier: Molecular Toxicology, Inc., Boone, NC 
 
  Description: Aroclor 1254-induced rat liver homogenate 

preparation (S9) 
 

   Preparation: Liver enzymes are induced by injecting adult male 
Sprague-Dawley rats with Aroclor 1254 (500 
mg/kg) 5 days before they are sacrificed.  The S9 
consists of 9000 × g supernatant of liver 
homogenized in KCl (1 g wet weight of liver to 3 
ml of 0.154M KCl). 

 
   Quality Control: Dilutions from each lot of S9, ranging from 0.2 to 

10% in S9 mix, were tested for their ability to 
activate benzo(a)pyrene and 2-aminoanthracene to 
intermediates mutagenic to TA100 prior to product 
release. 

 
  Metabolic Activation The metabolic activation mixture (Ames 
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   Mixture: et al., 1975; Maron and Ames, 1983) for the 
experiment(s) will consist of the components and 
amounts shown below. 

 
PREPARATION OF METABOLIC ACTIVATION MIXTURE FOR 50 ml 

 
 Ingredient 5% S9 Mix (ml) 10% S9 Mix (ml) 
Rat liver S9 2.5 5.0 
(Aroclor 1254-induced) 
 
MgCl2 (0.4 M) and 1.0 1.0 
KCl (1.65 M) salts 
 
Glucose-6-phosphate (1 M) 0.25 0.25 
 
NADP (0.1 M) 2.0 2.0 
 
Sodium phosphate buffer 25.0 25.0 
(0.2 M, pH 7.4) 
 
Sterile distilled water 19.25 16.75 
 

 D. Experimental Procedure 
 

To a sterile 13 × 100-mm test tube placed in a 43C heating block will be added:  
 
  (1) 2 ml of molten top agar 
 
  (2) 0.1 ml of indicator organisms (about 108 bacteria) 
 
  (3) appropriate amount of the test substance 
 
  (4) 0.5 ml of metabolic activation mixture or buffer. 
 
  This mixture will be stirred gently, and then poured onto plates containing about 

25 ml of minimal glucose agar.  After the top agar has set, the plates will be 
incubated at ~37C for about 48 hours.  The revertant colonies will be counted 
after the incubation period; however, if the plates cannot be immediately 
evaluated, they will be refrigerated at ~4C until they can be counted. 

 
Concurrent sterility, solvent, and positive controls will be performed with each 
experiment.  Sterility controls will include separately plating out each test 
substance, metabolic activation mixture, and buffer.  Solvent controls will be 
performed for the positive controls and will consist of top agar, bacteria, 
metabolic activation mixture or buffer, and 50 µl DMSO, the solvent used to 
dissolve the positive control substances.  The solvent control for the test 
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substance, referred to as the zero dose, will consist of top agar, bacteria, metabolic 
activation mixture or buffer, and the solvent/diluent for the test substance.  
Positive controls will be performed with each strain and consist of top agar, 
bacteria, metabolic activation mixture or buffer, and 50 µl of the positive control 
substance. 

 
 E. Data Collection 
 
  Control of Bias.  Bias is controlled by collecting data with an automated colony 

counter when possible. 
 

Colony Counting.  The revertant colonies will be counted using an automated 
colony counter, Sorcerer Image Analysis System (version 2.2) and the data 
managed through the Ames Study Manager (version 1.21), both manufactured by 
Perceptive Instruments (Suffolk, England).  When accurate counts cannot be 
obtained (e.g., because of precipitation on the plates), the colonies will be counted 
manually using an electric probe colony counter. 
 

 F. Evaluation of Data 
 
  Criteria for Valid Assay.  An experiment is considered valid when solvent 

controls are within  10% of historical limits for spontaneous revertants, when 
positive control mutagens elicit a positive response ( 5-fold increase over the 
mean value for the solvent for the respective strain), and when there are at least 
three nontoxic dose levels (mutagenicity experiments).  When experimental plates 
and sterility control plates indicate gross contamination, the results are not 
considered valid and the experiment is repeated.  In addition, whenever 
experiments are performed, the strains are analyzed to confirm their genetic 
markers and the presence of the plasmid.  If anomalies exist, the experiment is 
repeated. 

 
  Statistical Methods.  (1) Means and standard deviation will be calculated from 

the individual plate counts; (2) Levene's test (Levene, 1960) will be performed to 
determine if a significant difference exists among treatment variances; (3) 
treatments will be compared with controls by using a one-tailed Dunnett's t-test 
(Dunnett, 1980) and within-levels pooled variance; and (4) evaluation of dose-
relatedness for all treatments will be made by regression analysis (Draper and 
Smith, 1981) of revertant counts versus the log of the concentrations (to allow 
inclusion of the zero dose, 1 will be added to the dose before calculating the log).  
The significance of the regression will be tested using a t-statistic. 

 
  Criteria for Interpretation.  The following criteria will be used as guidelines for 

the interpretation of the data; however, the conclusions of the study will be based 
upon the Study Director's evaluation and interpretation of the data. 
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   Positive.  A test substance will be considered a mutagen when a reproducible 
and statistically significant (p < 0.01) increase in revertants is observed at one 
or more dose levels.  A statistically significant (p < 0.01) dose-related increase 
in the number of revertants will also be considered a positive response. 

 
   Negative.  A test substance will be considered a nonmutagen when the values 

for the dose levels are not reproducible or significant or when there is no 
statistically significant dose-related increase in the number of revertants.  

 
   Inconclusive.  When a test substance cannot be identified clearly as a 

mutagen or nonmutagen, the results will be classified as inconclusive. 
 
 
VII. REGULATORY COMPLIANCE 
 
 A. Good Laboratory Practice (GLP) Compliance 
 

This study will be conducted in compliance with 40 CFR Part 792, Good 
Laboratory Practice Standards (GLP), with the exceptions that the 
characterization of the test substances (identity, purity, and stability) and the 
supporting analytical chemistry of the dose formulations will not be provided to 
the testing facility as this testing will not be performed by the Sponsor nor the 
testing facility. 

 
 B. Standard Operating Procedures 
 

All operations pertaining to this study, unless specifically defined in this protocol, 
will be performed according to the Standard Operating Procedures of the 
laboratory, and any deviations will be documented. 

 
 C. Protocol Amendments 
 

All changes in or revisions of an approved protocol and the reasons for them will 
be documented and signed and dated by the Study Director and the Sponsor's 
Representative.  Amendments will be maintained with the protocol.  Verbal 
approval for changes in the protocol may be granted by the Sponsor's 
Representative, but a written amendment will follow. 

 
 D. Retention of Records and Study Samples 
 

All raw data, the original protocol and final report, relevant documents, and 
records specific to this study are the property of the Sponsor and will be stored at 
SRI International, 333 Ravenswood Avenue, Menlo Park, CA 94025.  All records 
will be maintained for at least 10 years.  At the end of the retention period, the 
Sponsor will be contacted regarding further disposition of these records.  Wet 
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specimens (e.g., colonies in agar) and samples of the control substances are not 
required to be retained. 

 
 
VIII. REPORTING 

 
The final report will describe the study design, procedures, and findings and will present 
an analysis and summary of the data followed by the conclusions derived from the 
analyses.  A draft report will be issued prior to submission of the final report. 
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APPENDIX C. HISTORICAL VALUES FOR SPONTANEOUS REVERTANTS AND POSITIVE 

CONTROLS 

 

 

(Note: Historical data includes GLP studies conducted at SRI International  

from 1/05 to 3/10) 
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APPENDIX D.  INDIVIDUAL AND MEAN PLATE COUNTS:  

RANGE FINDING EXPERIMENT WITH FIVE JET FUELS 
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Table A-1.  Amyris plate counts 
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Table A-2.  R-8 plate counts 
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Table A-3.  R-8 algae plate counts 
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Table A-4.  S-8 plate counts 
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Table A-5. Swedish Biofuel plate counts 
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APPENDIX E.  INDIVIDUAL AND MEAN PLATE COUNTS:  

FIRST MUTAGENICITY EXPERIMENT WITH AMYRIS, R-8, AND SWEDISH BIOFUEL 
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Table E-1.  Amyris plate counts 
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Table E-1 (continued).  Amyris plate counts 
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Table E-1 (continued).  Amyris plate counts 
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Table E-2.  R-8 plate counts 
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Table E-2 (continued).  R-8 plate counts 
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Table E-3.  Swedish Biofuel plate counts 
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Table E-3 (continued).  Swedish Biofuel plate counts 
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APPENDIX F.  INDIVIDUAL AND MEAN PLATE COUNTS:  

FIRST MUTAGENICITY EXPERIMENT WITH R-8 FROM ALGAE AND S-8 
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Table F-1.  R-8 from algae plate counts 
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Table F-1 (continued).  R-8 from algae plate counts 
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Table F-1 (continued).  R-8 from algae plate counts 
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Table F-1 (continued).  R-8 from algae plate counts 
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Table F-2.  S-8 plate counts 
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Table F-2 (continued).  S-8 plate counts 
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APPENDIX G.  INDIVIDUAL AND MEAN PLATE COUNTS:  

SECOND MUTAGENICITY EXPERIMENT WITH FIVE JET FUELS 
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Table G-1.  Amyris plate counts 
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Table G-1 (continued).  Amyris plate counts 
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Table G-1 (continued).  Amyris plate counts 
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Table G-2.  R-8 plate counts 
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Table G-2 (continued).  R-8 plate counts 
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Table G-3.  R-8 from algae plate counts 
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Table G-3 (continued).  R-8 from algae plate counts 
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Table G-4.  S-8 plate counts 
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Table G-4 (continued).  S-8 plate counts 
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Table G-5.  Swedish Biofuel plate counts 
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Table G-5 (continued).  Swedish Biofuel plate counts 
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LIST OF ABBREVIATIONS 

 

CofA Certificate of Analysis 

DMSO dimethyl sulfoxide 

EPA Environmental Protection Agency 

FT Fischer Tropsch 

GLP Good Laboratory Practice 

MA metabolic activation 

NCIMB National Collection of Industrial and Marine Bacteria 

OPPTS Office of Prevention, Pesticides and Toxic Substances 

UV ultraviolet 

 


